Background/aim: To describe the characteristic constellation of historical, clinical, radiographic, and histopathological findings of localised invasive sino-orbital aspergillosis based on the authors' recent experience of four consecutive cases presenting over a 6 month period. Treatment and outcome are reviewed. Methods: A case series of four patients with review of the English language literature. Results: There have been 17 reported cases of invasive sino-orbital aspergillosis in healthy individuals over the past 33 years. The authors report four patients who presented during a 6 month period with persistent and significant pain followed by progressive ophthalmic signs-clinical histories reflecting the literature. Similar imaging findings were also noted: focal hypodense areas within apical infiltrates on contrasted computed tomography correspond to abscesses seen at surgery, and sinus obliteration or involvement of the adjacent sinus lining was noted on magnetic resonance imaging. Bone erosion (often focal) was also seen. There is frequently a delay in making the correct diagnosis, and often disease progression occurs despite treatment.
I
nvasive sino-orbital aspergillosis in healthy patients is rare, with only 17 cases found in the English literature since 1966. Aspergillosis often presents with vague complaints and the absence of clinical findings, making diagnosis difficult. Subsequently, treatment can be delayed or inappropriate thereby accelerating the disease.
In this report, we present four recent patients with localised invasive orbital aspergillosis whose symptoms began between April and September 1999. We outline the constellation of historical, clinical, radiographic, and histopathological findings based on our experience. Three cases are discussed in detail and all are summarised within the context of the literature.
CASE REPORTS Case 1
A 69 year old healthy white male presented with a four week history of sharp, intermittent, left lateral pain radiating to the back of his head and progressing from once a day to continuous. In August 1999, his vision decreased to 20/30 and he noted pain on eye movement and chewing. Despite a normal erythrocyte sedimentation rate, he was diagnosed with temporal arteritis and treated with prednisone 80 mg per day, increased to 100 mg daily in a week when his vision decreased to 20/40. Over the next five days, his vision deteriorated to bare light perception so he was referred to the Orbit Clinic.
Vision was count fingers three feet right and no light perception left, with a 2.2 log unit left relative afferent pupillary defect. Exophthalmometry (Hertel) was 17 mm bilaterally with full extraocular movements, left palpebral fissure was slightly narrowed, and facial sensation intact. There was a right macular disciform scar and left macular epiretinal membrane. He had diet controlled type 2 diabetes and on admission was hyperglycaemic with a weight loss of 20 pounds over one month.
Computed tomography (CT) showed a focal inhomogeneous mass extending from the left sphenoid sinus into the orbital apex and pterygopalatine fossa ( fig 1A) . Magnetic resonance imaging (MRI) showed involvement of the ethmoid sinus lining with enhancement, extension into the anterior cavernous sinus (fig 1B) , and invasion into the vidian canal with optic nerve sheath enhancement.
He underwent medial orbital biopsy where a small focal abscess with surrounding granular tissue was noted. Fungal organisms were seen on frozen section and Aspergillus fumigatus grown in culture. Permanent sections showed both vascular and bony fungal invasion (fig 1E-G) .
Prednisone was discontinued and intravenous amphotericin B with insulin started. He underwent debridement, including removal of the medial rectus muscle, adjacent soft tissue, ethmoid sinuses, and sphenoid sinus mucosa with catheter placement for local irrigation with amphotericin B.
Despite treatment, he developed a complete ptosis and total ophthalmoplegia. Weekly CT showed further enlargement with involvement of the superior and inferior orbital fissures, infratemporal fossa, and intracavernous third nerve ( fig 1C) . The mass stabilised by the fifth week and he was discharged after 6 weeks on oral itraconazole 200 mg twice a day and insulin. His ocular and imaging findings remained unchanged 8 weeks after discharge so itraconazole was discontinued. In February 2000 he developed a tremor and a month later was admitted for decreased mental status. Computed tomography showed further enlargement of the lesion, development of a brain abscess, and temporal lobe and basal ganglia oedema-features consistent with a middle cerebral artery stroke ( fig 1D) . The patient died 9 months after initial symptoms.
Case 2
In April 1999, a 77 year old healthy white male developed a daily, intermittent, dull, ''toothache like'' pain in the right fronto-temporal-parietal region, initially relieved by acetaminophen. By June, he had right periorbital oedema without injection and worsening of pain, which failed to respond to both carbamazepine (Tegretol, Novartis Pharmaceuticals Canada Inc, Dorval, Quebec, Canada) and amitriptyline hydrochloride (Elavil, Merck-Frosst Canada Ltd, Kirkland, Quebec, Canada). A diagnosis of temporal arteritis was entertained but discarded because of lack of other symptoms and an erythrocyte sedimentation rate of 5. By August, the pain was constant with persistent oedema and he developed intermittent diplopia on side gaze. Computed tomography showed a soft tissue lesion in the right lateral sphenoid sinus and orbital apex (fig 2A) . Repeat scans (September) showed enlargement of the lesion and involvement of the pterygopalatine fossa, infraorbital fissure, and anterior cavernous sinus. There was a 1068 mm low density area at the orbital apex with focal bony destruction of the sphenoid sinus wall and widening of the superior and inferior orbital fissures ( fig 2B) .
On referral, his vision was 20/25+3 right and 20/20 left with 2 mm of right ptosis. The remainder of his exam was normal, but past medical history was remarkable for hypertension, peptic ulcer in 1975, osteoarthritis, and excision without recurrence of a preauricular basal cell carcinoma. He was not on any medication.
An apical biopsy revealed a small focal abscess with surrounding granular tissue extending through the bone into the sphenoid and ethmoid sinuses anterior to the optic canal, which corresponded to the focal low density area on CT.
Tissue was removed from the sphenoid and ethmoid sinuses and nasal turbinate, and an irrigating catheter left in place. On histopathology, fungal hyphae invaded the bone of the sphenoid and ethmoid sinuses, and Aspergillus fumigatus was grown in culture. Other laboratory testing, including HIV, was normal.
Despite immediate treatment with local and intravenous amphotericin B, his vision declined to no light perception over one week. Two weeks after starting amphotericin B, he was switched to oral itraconazole for 12 weeks because of increased creatinine levels. Thirteen months after initial onset, his vision had improved to count fingers, and there has been no growth of the mass (figs 2C and D).
Case 3
In September 1999, a 73 year old white female developed vague, dull, right retrobulbar pain that, by January, had a sharp, stabbing component, slightly eased with Zoloft (sertraline hydrochloride). Two months later, she developed a right sixth nerve palsy, decreased sensation in V1 distribution, ptosis, limitation on upgaze, dilated pupil, and 2 mm of proptosis. Computed tomography showed a homogeneous soft tissue mass in the orbital apex extending into the anterior cavernous sinus with a small bony defect in the wall of the sphenoid sinus ( fig 3A) . MRI a month later showed an enhancing lesion in the right orbital apex and cavernous sinus with bony sclerosis of the right lateral sphenoid sinus and clinoid with focal mucosal enhancement ( fig 3B) . Nine months after onset, right vision decreased and she was referred.
Visual acuity was 20/60 right and 20/20 left with right decreased colour vision and poor pupillary reaction. She had Histopathology showed dense fibrous tissue with minimal inflammation, normal optic nerve sheath, and normal orbital fat, consistent with the tissue appearance at the time of surgery. The patient began a four week trial of prednisone 40 mg per day, during which time her vision decreased to no light perception. She furthermore developed a complete ptosis and ophthalmoplegia with worsening of the pain. Repeat CT showed that the mass had become enlarged, expanding the cavernous sinus and extending into the right inferior orbital fissure. Round areas with rim enhancement were noted along with lower density centres ( fig 3C) .
Because of her deteriorating condition and a diagnosis not yet established, a repeat biopsy was performed. A small abscess with surrounding greyish yellow granular tissue was seen in the orbital apex. Frozen section showed multiple hyphae, later identified as Aspergillus fumigatus in culture. Histology showed the organism to invade bone.
In the first week on intravenous amphotericin B, proptosis, lid injection, and pain improved but worsened the following week. Repeat CT showed an increase in the sphenoid sinus lesion with a larger bony defect and an additional defect in the orbital roof. The mass extended further into the inferior orbital fissure and temporalis fossa, and the extraocular muscles were enlarged.
The option of extensive surgical resection, including removal of the cavernous sinus and intracavernous carotid artery, was considered but rejected because of the high risk and the patient's wishes. Because of rising creatinine levels, she was started on liposomal amphotericin B and rifampin, which was discontinued after two weeks. She remained on liposomal amphotericin B for 10 weeks for a total of 21.0 g. Her pain lessened to tolerable levels but the lesion continued to enlarge ( fig 3D) so she was switched to itraconazole and eventually discharged from hospital. In March 2001, her mental state deteriorated, and repeat CT revealed further enlargement with a brain abscess ( fig 3E) . The patient died 18 months after initial complaint.
Our final case seen during the same time was also characterised by intensifying pain, posterior infiltration of the orbit and adjacent sinuses, focal abscess, and bone destruction followed by relentless progression and death in spite of antifungal therapy and radical exenteration of the orbit, anterior cavernous sinus, adjacent sphenoid, ethmoid, and maxillary sinuses, and portions of the middle cranial fossa. He also had delay based on a primary negative biopsy, requiring a second.
DISCUSSION
Aspergillus fumigatus infection of the sinuses and orbit can either be non-invasive or invasive. Non-invasive infections are either allergic sinusitis or sinonasal fungal ball wherein destruction of the sinus mucosa and bony expansion may occur but with no invasion of tissue or bone. Invasive infections are either localised or fulminant. Localised disease often starts in the sinuses and spreads to adjacent structures through focal bony erosion or even through vessel walls, causing stroke and death. The fulminant form is characterised by multiple organ involvement. 1 In our series, all patients had localised, invasive sino-orbital aspergillosis.
Invasive aspergillosis is well documented in immunocompromised patients, with the primary risk factors being neutrophil defects and corticosteroid use. 1 Other predisposing factors include HIV infection, diabetes mellitus, use of prosthetic devices or trauma, excessive environmental exposure, and possibly advanced age. 1 Rarely has invasive aspergillus infection been described in immunocompetent patients (table 1) . Three of our patients were immunocompetent when they contracted their disease but two had steroids before the diagnosis was made. Case 1 had diet controlled diabetes type 2 requiring insulin on admission, secondary to steroid treatment.
There are 17 similar cases in the English literature over 33 years (table 1 ). Yet we have seen four cases, all whose symptoms began over a six month period between April and September 1999. In our community, there has also been a parallel increase of pulmonary aspergillosis.
All of our patients presented with a vague but persistent complaint of pain localised to one side of the head or retrobulbar area. Two had a dull pain that became sharp, whereas the other two began with sharp, stabbing pain. In all, the pain preceded the ophthalmic findings by 1-6 months and became relentless and severe. In the literature, 13 of 17 patients had an initial complaint of pain or headache (table 1) . [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The time from onset of symptoms to diagnosis was 2-10 months in our patients. In two patients, a diagnosis of temporal arteritis was either made or entertained because of their history of pain. Cases 1 and 3 were treated with steroids, which may worsen aspergillosis infection. In the literature, four cases were diagnosed with temporal arteritis 2 3 5 13 and eight treated with steroids. 2 3 5 6 9-11 13 A history of persistent unilateral pain, without other findings, that becomes sharp, relentless, and severe should alert the clinician to the possibility of orbital aspergillosis.
Imaging was similar in these cases with initial studies showing a focal soft tissue lesion; in three, this first involved the sphenoid sinus and orbit with a characteristic and subtle focal bony destruction (figs 1A, 2A, and 3A). It is probable that the infection arises in the sphenoid sinus and spreads to the orbit, which is consistent with the history of pain that precedes ophthalmic/orbital presentation. Of note is that imaging findings may be subtle, thus specific assessment of the sphenoid sinus is required and may be best seen on MRI with focal enhancement of the lining (figs 1 and 3) . With progression, focal hypodense areas appear on contrasted CT (figs 2B and 3C), corresponding to abscesses.
Biopsy is necessary and must be from these focal hypodense areas. The diagnosis can still be difficult to make, as was noted in two patients who required repeat biopsies. Mauriello et al, 8 Austin et al, 2 and Heier et al 14 reported patients that required a second biopsy, and there are cases where the diagnosis was made at autopsy. 5 7 11 If diagnosis is not made on first biopsy and aspergillus suspected, a second biopsy should be performed, especially before considering treatment with corticosteroids.
The aspergillus organism has a characteristic microscopic appearance but culture is the gold standard for identification. This fungus is haemotoxophilic with 45˚branching septate hyphae that are 2-4 mm wide, best seen on Gomori methanamine silver and periodic acid Schiff stains. 15 Because other fungi can be pathologically indistinguishable and require different treatment, all specimens should be sent for culture. Aspergillus incubated on fungal medium at 30˚C in 45% humidity will grow in 2-6 days. Colonial morphology and microscopic examination of sporulating forms allows for precise diagnosis. 1 In our series, the organisms were all identified as fumigatus and seen to invade bone and blood vessel walls, accounting for the manifestations of vascular occlusion and bone destruction ( fig 1G) .
The characteristic predilection for the sphenoid sinus in localised form and the invasive nature is poorly understood. An active man can inhale as many as 5.7610 7 aspergillus spores in a day, 16 yet the incidence of disease is low. Over 90% of North American cases are caused by Aspergillus fumigatus even though it comprises only 0.3% of the total aerial aspergillus spore count. 17 Of the strains of aspergillus, only those able to grow at 37˚C are pathogenic. [17] [18] [19] It is thought that infection occurs when the sinuses are unable to drain, perhaps causing a lower oxygen tension environment. 20 It may also be that the oxygen tension or local metabolic environment in the sphenoid sinus is different than other sinuses. Aspergillus fumigatus and, to a lesser extent, A flavus are able to bind laminin and fibrinogen, which may allow for tissue invasion. 21 In addition, other putative virulence factors, such as elastase, catalase, gliotoxin (a phagocyte inhibitor), and ribotoxins, show in vitro activity but what role these play in vivo is unknown. 21 The prognosis of invasive sino-orbital aspergillosis in immunocompetent patients is significantly worse than the prognosis of other forms of sinus aspergillosis, 22 23 likely because of penetration of bone and blood vessel walls, which often cannot be eradicated by surgery given the anatomic location where drug penetration may also be worse. Only one of our four cases and five of the 17 cases 3 4 12 14 24 in the literature (one with only 1 month follow up) survived. Of the latter group, one was over the age of 60, having also been treated with steroids before diagnosis. 3 Despite treatment, many patients die 2-16 months from initial complaint (table 1) .
There is no uniformly accepted, completely effective treatment. Management often begins with surgical debridement and amphotericin B local irrigation followed by a systemic antifungal drug-usually intravenous amphotericin Deciding which drug or combination to use is difficult with conflicting reports, but amphotericin B is considered the gold standard based on extensive experience. 25 Therapy is often prolonged and can be complicated by adverse effects, the most serious of which is renal dysfunction noted in our patients. Newer formulations, including lipid complex and liposomal forms, have been developed to decrease the toxicity of amphotericin B and indeed appear to be less toxic and more efficacious. 26 Of the azole class, itraconazole and voriconazole are the most promising and are safer and easier to administer than amphotericin. Massry et al 24 and Streppel et al 27 have successfully used itraconazole in patients with sino-orbital aspergillosis, whereas voriconazole has not been assessed in this situation. Combinations of itraconazole and amphotericin have been used but there is in vitro evidence of antagonism. 18 27 Most experts recommend giving the maximum daily dose of the chosen medication and after the disease is controlled, prolonged administration of oral itraconazole to ensure eradication. 25 Treatment should continue well past any remaining signs of disease and indefinite use considered in patients with ongoing immunosuppression.
Radical surgical debridement of the orbit, adjacent sinuses, and skull base area may be considered but is often complicated by other decision making factors, including patient wishes and difficulty in determining the extent of the lesion.
CONCLUSION
Localised invasive sino-orbital aspergillosis in healthy patients was thought to be a rare disease, but we have reported four cases that presented within a six month period. These patients have a similar constellation of symptoms and signs, consisting of unilateral facial or retrobulbar pain that eventually becomes sharp, constant, and severe enough to require narcotic analgesics. The pain antecedes ophthalmic signs and is consistent with a lesion arising in the sphenoid sinus, which commonly is the site of origin. This presentation suggests a long differential diagnosis, including other infectious, inflammatory, neoplastic, vascular, and neuroophthalmic disorders (see box). Some of these lead to corticosteroid administration, which worsens aspergillosis infection. Once the infection spreads to the orbit, patients manifest adnexal/orbital signs, often losing all vision over 5-10 days. In addition, it can invade the cavernous sinus and other contiguous structures, culminating in death.
Neuroimaging shows localised soft tissue densities with bony destruction and often hypodense areas that correspond to focal abscesses with sinus mucosa involvement, particularly noted on MRI. Biopsy of the focal abscess is necessary for diagnosis. Once diagnosis is established, debridement with local irrigation followed by maximal prolonged antifungal therapy is recommended. Awareness of this disease with its characteristic symptoms, signs, and imaging features may lead to earlier diagnosis and treatment, and improved outcome. 
